Background. Racial/ethnic disparities in hypertension (HTN) prevalence continue to persist in United States. We aimed in this study to examine the racial/ethnic disparities in hypertension prevalence and to determine whether or not health disparities may be explained by racial/ethnic disparities in co-morbidities. Materials and Methods. A cross-sectional design was used to examine the prevalence of hypertension among African Americans (AAs), Caucasians, and Hispanics in the National Health Interview Survey, 2003. e overall sample comprised 30, 852 adults. Results. ere was a statistically signi�cant racial/ethnic variability in hypertension prevalence, with AA/Blacks with the highest prevalence, 2 = 393.0 (3), 0.0 . Hypertension was associated with co-morbidities, age, education, physical inactivity, marital status, income, sex, alcohol, and cigarette consumption, but not insurance. Relative to Caucasians, AAA/Blacks were 43% more likely while Hispanics were 40% less likely to report being diagnosed with high blood pressure, prevalence odds ratio (POR) = 1.43, 99% CI, 1.25-1.64, = 0.002, and POR = 0.60, 99% CI, 0.55-0.66, 0.00 respectively. Aer adjustment for the relevant covariates including co-morbidities, racial/ethnic disparities in hypertension persisted; thus compared to Caucasians, African Americans were 61% more likely to be told by their health care providers that they were hypertensive, adjusted prevalence odds ratio (APOR) = 1.61, 99% CI, 1.39-1.86, 0.00 . In contrast, Hispanics were 27% less likely to be diagnosed with hypertension compared to Caucasians, APOR = 0.73, 99% CI, 0.68-0.79, 0.00 . Conclusions. ere was racial/ethnic variability in hypertension prevalence in this large sample of non-institutionalized US residents, with the highest prevalence of hypertension observed among African Americans. ese disparities were not removed aer controlling for relevant covariates including co-morbidities.
Introduction
Hypertension remains one of the leading causes of cardiovascular disease mortality in the United States population, affecting disproportionately non-Hispanic Blacks [1] . e etiology of hypertension is multifactorial, and incidence, prevalence, and mortality vary by race/ethnicity [2] . Variability by race/ethnicity in hypertension prevalence had been shown by several studies [3] [4] [5] . ese studies continue to identify the African American (Blacks) ethnicity with the highest prevalence [4] and the ethnic group in which hypertension-related death is highest [5, 6] .
Whereas evidence continues to demonstrate these health disparities, these variabilities have not been completely explained. Also, it is not fully understood whether the observed variance is due to race/ethnicity or other factors associated with race, since race/ethnicity remains surrogate on the pathway of the factors directly contributing to elevated blood pressure such as high sodium intake, hyperlipidemia, overweight and obesity, high fat diet, hypercholesterolemia, stress, cigarette smoking, excessive alcohol consumption, and physical inactivity [7] [8] [9] . Explanatory factors for racial/ethnic differences in hypertension include differences in the racial/ethnic distribution of family income, access and utilization of the health care, and insurance status [9] [10] [11] [12] [13] . Other predictors of hypertension include socioeconomic, demographic, and prognostic factors. e persisted burden of hypertension among racial/ethnic minorities, namely, AA/Blacks, may be due to variability in the racial/ethnic distribution of comorbidities [14] [15] [16] [17] [18] [19] .
Lowering hypertension-related mortality in the USA may substantially narrow mortality disparities between Caucasians (non-Hispanic Whites) and African Americans (nonHispanic Blacks). Such attempt requires further examination of the racial/ethnic variability in the distribution of the predisposing factors to hypertension including other cardiocirculatory and related diseases. We are not aware of any study at population level or other designs and settings that have examined the contributing role of comorbidity in the racial/ethnic disparities in the prevalence or incidence of hypertension in the US population. is present study was designed to examine the nexus between race/ethnicity and hypertension, using the National Interview Health Survey (NIHS) data, which is an annual survey of community-based US adult residents [20] , and to determine whether or not the postulated variance could be explained by the racial/ethnic disparities in comorbidities, which may be associated with access as insurance status and utilization of the health care, income, education, and other socioeconomic parameters that de�ne racial/ethnic groups in the USA. We hypothesized that the racial/ethnic disparities in hypertension may be explained by the racial/ethnic variance in comorbidities, implying that controlling for the known comorbidities will remove the variance.
Materials and Methods
Aer an IRB approval, we conducted a cross-sectional study to examine the prevalence of hypertension in the US population, the racial/ethnic variance in this prevalence, and to determine whether or not this variance may be explained by the differences in the racial/ethnic distribution of comorbidities.
2.1.
Design. is research utilized secondary data from the National Health Interview Survey (NHIS) to examine the relationship between the outcome variable hypertension and main predictor variables race/ethnicity, comorbidities, family income, insurance status, and other sociodemographic and prognostic relevant variables age, sex, education level, employment status, marital status, body mass index (BMI), cigarette smoking, physical activity, and alcohol drinking status. e study outcome variable (hypertension) was measured as a self-reported variable and was dichotomized as "yes" and "no. " Participants were asked if they were ever told by their health care provider that they had hypertension.
Study

Main Predictor (Explanatory) Variables:
Race/Ethnicity and Comorbidities. e main predictor variable for this study is race/ethnicity. e variable race was categorized into non-Hispanic Whites, non-Hispanic Blacks, Hispanics, and Others. e secondary predictor variable was comorbidities, which was measured by the number of diseases related to hypertension. We examined the distribution of diabetes mellitus, depression, other endocrine disorders, circulatory disorders, and hypercholesterolemia by race/ethnicity. ese variables were treated individually and were entered into the model aer examining their individual association with hypertension in the total sample.
Other Potential Explanatory
Variables. Insurance coverage was measured by any family members having insurance coverage and was categorized into "yes, " "no, " "refused, " "not ascertained, " and "do not know. " e responses "refused, " "not ascertained, " and "do not know, " because of the small numbers, were not included in the analysis. Income status was measured by family income greater than $20,000 and less than $20,000. is variable was categorized into "greater than $20,000", "less than $20,000, " "refused, " "not ascertained, " and "do not know. " e responses "refused, " "not ascertained, " and "do not know, " were not included in the analysis.
e sociodemographic variables are age, sex, education level, employment, and marital status. e age of participants was originally measured as a continuous variable and later categorized into a binary scale (≥50 years versus <50 year), given the clinical relevance of age in the predisposition to hypertension. Both males and females were eligible for the survey provided the age requirement was satis�ed. Education level was measured by the years of school attainment. is variable was collected as categorical and was further transformed into suitable categories, namely, less or equal to high school, some college, and greater than or equal to a bachelor's degree. Employment status was measured by a categorical variable that elicited information on �ob pro�le. is variable was recoded in order to examine unemployment versus employment, with respect to racial/ethnic distribution and the association with the outcome variables. Marital status was measured by a categorical variable and was used to examine the in�uence of social support system on the outcome variable hypertension.
Prognostic Variables.
Body mass index (BMI) was conceptualized by relationship between height and weight. is variable was collected on a continuous scale and was recoded into four distinct categories to re�ect normal BMI and overweight BMI, utilizing the Centers for Disease Control and Prevention's cut-off points for BMI. Smoking was conceptualized as a historical variable. is variable was collected as categorical with the main variable eliciting information on "ever smoked" and "never smoked. " e responses "refused, " "not ascertained, " and "do not know, " were not included in the analysis. is variable was recoded into a binary variable. Physical activity was measured by the frequency of exercise. is variable was categorized into ten groups with major categories including "never exercise, " "exercise, " and "unable to exercise. " We recoded physical activity into "ever exercise" (including daily, weekly, monthly, and yearly basis) versus "never exercise" (including unable to exercise), in order to examine the outcome variables and the association with race/ethnicity. Alcohol drinking status was collected as a categorical variable and was measured by the number of drinks within a period of time. is variable was recoded into "lifetime abstainer, " "former drinker, " and "current drinker. "
Statistical
Analysis. Categorical variables were described using frequency and percentages, while continuous variables were summarized using mean and standard deviation. Pearson chi-square statistic was used to examine racial/ethnic differences with respect to the distribution of the outcome variable hypertension, comorbidities, family income, insurance coverage, socioeconomic factors, and other prognostic factors. e association between the main predictor variable race and hypertension was assessed using unconditional univariable logistic regression model for the prevalence odds ratio [21] . Similar technique was used to examine the association between comorbidities and hypertension as well as the distribution of comorbidities by race/ethnicity. In addition, multivariable survey logistic regression model was used to simultaneously adjust for the effects of the potential confounding variables including comorbidities on the association between race/ethnicity and hypertension. To enter into the multivariable model, a variable was expected to be signi�cant at or for an interaction. However, we found no interaction and as such did not include in our model. Further, variables with biological or clinical relevance were entered into the multivariable model. All analyses were two-tailed, with (1% type I error tolerance) as the signi�cance level. e analyses were performed using STATA statistical soware, version 11, (StataCorp, College Station, TX).
Results
Caucasians represented the majority of the participants, 20,169 (65.4%), Hispanics, 5,416 (17.5%), African Americans, 4,168 (13.5%), and others, 1,099 (3.6%), 12,832 (41.6%) were younger than 50 years of age, and 13,427 were males (43.5%). With respect to education, 15,149 (49.1%) had less than high school education, 8,691 (28.2%) had high school education, 4,614 (15%) had some college or college education, while 2,398 (7.8%) had graduate (postcollege) education. Income less than $20,000 per annum was reported by 10,010 (32.4%), while 20,842 (67.6%) reported annual income household of $20,000 or higher. ere were 15,373 (49.8%) who reported not being married, while 15,479 (50.2%) reported that they were married. e majority of participants reported having health insurance coverage, 27,517 (89.2%). More than half of the participants had no history of cigarette smoking, 17,637 (57.2%), while the remaining had used cigarette in the past, 13,215 (42.8%). Almost twothirds of participants had no history of alcohol consumption (based on current use and ever use response), 23,115 (74.9%), while 7,737 (25.1%) had used alcohol. Likewise, almost twothirds had not exercised in the past, 22,601 (73.3%), while others had 8,251 (26.7%). Of those sampled, 583 (2%) were underweight, 11,351 (38.9%) were normal weight, 10,418 (35.7%) were overweight, and 6,858 (23.5%) were obese. Table 1 presents the sociodemographics, lifestyle variables, risk, and prognostic factors that may be associated with hypertension as study characteristics, strati�ed by race/ethnicity. e Caucasians were statistically signi�cantly more likely to be older, while the Hispanics were the youngest. ere was a statistically signi�cant difference in the distribution of sex by racial/ethnic group in the sample, = 63 7 (3), . Irrespective of race/ethnicity, there were more females in the sample, with the ratio of male to female sample greatest among the African Americans (37.9% for male versus 62.1% for female), 1 : 1.64 (African American women relative to male were 64% more likely to me reached for response in the household, but may also re�ect survivability of the female over the male in this racial/ethnic group). e race/ethnicity designated others, which represent predominantly Asians who were more likely to have college and graduate degrees, followed by Caucasians, while the Hispanics had the lowest participants with either college or graduate degrees, and this observation was statistically signi�cant.
ere was a statistically signi�cant difference in income by race/ethnicity. e Caucasians (72.5%) and other racial/ethnic groups (72.6%) relative to African Americans (55.1%) and Hispanics (57.7%) were more likely to be in the income group, >$20,000.00 annual income, while African Americans (44.9%) and Hispanics (42.3%) were more likely to be in the income group, $20,000.00 per annum. Marital status was signi�cantly different by race/ethnicity, and African Americans were less likely to be married, with the ratio of unmarried (69.5%.) to married (30.5%) being 2.2 : 1 (implying that African Americans are two times as likely not to be married). ere were no racial/ethnic differences in smoking status and insurance status, but alcohol, physical activities, and BMI demonstrated signi�cant racial/ethnic variability. e race/ethnicity "others" is predominantly Asian Americans. e significance level is 0.01 (1% type 1 tolerable error). * Crude and unadjusted prevalence odds of having been told that an adult is hypertensive using survey logistic regression model.
<
. e prevalence of hypertension was highest among African Americans (35.5%), intermediate among Caucasians (27.5%), and lowest among Hispanics (18.6%) and others (18.3%). Table 3 presents the unadjusted or crude prevalence of hypertension by race and ethnicity using Caucasian as the reference race or group. Compared with Caucasians, African Americans were 43% more likely to report being diagnosed with high blood pressure, prevalence odds ratio (POR) = 1.43, 99% CI, 1.25-1.64, . Hispanics, relative to Caucasians, were 40% less likely to report having been told by their health care providers that they were hypertensive, POR = 0.60, 99% CI, 0.55-0.66, < . Table 4 presents the factors associated with hypertension prevalence in community-based United States residents in a univariable survey logistic regression model. e older age group relative to the younger group was six times as likely to be hypertensive, and this association was statistically signi�cant, POR = 6.33, 95% CI, 5.77-6.94. ere was no signi�cant association between sex and hypertension.
ere was a signi�cant association between education, income, marital status, alcohol consumption, smoking, and physical activities and the prevalence of hypertension, < . ough not shown on the 3.1. Comorbidities. African Americans (10.8%) had the highest prevalence of diabetes mellitus (DM), where hypertension is more prevalent compared to Caucasians (7.8%) and Hispanics (7.5%). In our data, diabetes mellitus was associated with hypertension, with those who had diabetes mellitus 6 times as likely to have hypertension compared to those without, OR = 6.34, 99% CI, 5.83-6.94. Also, compared to Caucasians (40.8%), African Americans (55.5%) and Hispanics (58.6%) were more likely to be diagnosed with diabetes mellitus at younger age (<50 years), < . ough not a signi�cant �nding in our sample, African Americans (87.3%) and Hispanics (85.0%) compared to Caucasians (88.9%) were less likely to check their blood sugar level, . In addition, among African Americans, diabetes mellitus appeared to be poorly controlled, with more of the e race/ethnicity "others" is predominantly Asian Americans. e signi�cance level is 0.01 (1% type 1 tolerable error). * Adjusted prevalence odds of having been told that an adult is hypertensive using survey logistic regression model. Adjusted factors were age, education, marital status, smoking, alcohol, income, exercise, cholesterol level, and comorbidities (diabetes mellitus and depression).
African Americans taking insulin relative to diabetic pill (36.1% and 66.4%), compared to Caucasians (27.6% and 68.0%) and Hispanics (24.2% and 74.7%). Also, compared with African Americans without diabetes mellitus, those with diabetes mellitus were almost 13 times as likely to have hypertension, OR = 12.73, 99% CI, 7.82-20.70, < , but among Caucasians and Hispanics without diabetes mellitus, those with diabetes mellitus were 7 times as likely to have hypertension, OR = 7.20, 99% CI, 5.83-8.92, and OR = 7.10, 99% CI, 5.64-8.92, respectively.
Chronic circulatory problem may predispose to hypertension and other cardiovascular conditions as a result of blood vessel occlusion and subsequent increase in peripheral resistance. Compared with Caucasians (89.3%) in our sample, African Americans (96.7%) and Hispanics (97.0%) were more likely to have chronic circulatory problem, . Whereas there was no signi�cant difference in the racial/ethnic prevalence of depression, Caucasians (7.9%) had the lowest prevalence of depression, anxiety, and emotional problems, compared with African Americans (8.3%) and Hispanics (8.8%),
. e prevalence of this condition may be higher among the minorities especially African Americans, but due to the stigma associated with it, it is always underreported as re�ected on its overall prevalence in a survey of this nature, self-reported emotional problems (8.1%). ere was a marginally statistically signi�cant difference in the racial/ethnic prevalence of those who can afford mental care/counseling for this condition, .
Effect of Comorbidity on Racial/Ethnic Variability in
Hypertension. Table 5 presents the adjusted or controlled association between hypertension and race/ethnicity in a multivariable survey logistic regression model. Aer adjustment for the factors that were associated with hypertension (age, education, marital status, smoking, alcohol, income, comorbidities, and exercise/physical activities) in our univariable model, and those associated with race/ethnicity in our chi-square for independence test, the signi�cant racial/ethnic disparities in hypertension prevalence persisted in this model (multivariable survey logistic regression). Compared to Caucasians, African Americans were 61% more likely to be told by their health care providers that they were hypertensive, adjusted prevalence odds ratio (APOR) = 1.61, 99% CI, 1.39-1.86, < . In contrast, Hispanics were 27% less likely to be diagnosed with hypertension compared to Caucasians, APOR = 0.73, 99% CI, 0.68-0.79, < .
Discussion
Because hypertension is a single most potent predictor of cardiovascular-related mortality, and racial/ethnic variability in its incidence and prevalence had been observed in the US population, we aimed in this study to validate this variability and to determine whether or not racial/ethnic differences in comorbidities can remove such disparities. ere are some relevant �ndings in this study. First, there were racial/ethnic disparities in the prevalence of hypertension. Secondly, hypertension was most prevalent among African Americans. irdly, some chronic diseases (selective comorbidities) were associated with high prevalence of hypertension. Fourthly, comorbidities varied by race/ethnicity, and African Americans had the highest prevalence of metabolic diseases mainly diabetes mellitus. Finally, aer adjustment for the confounding factors including comorbidities in the association between hypertension and race/ethnicity, the racial/ethnic disparities in hypertension prevalence persisted. is large sample of noninstitutionalized US residents demonstrated health disparities in hypertension prevalence. While this �nding is not novel, it is worth noticing that racial/ethnic disparities in hypertension prevalence continue to persist in the USA, and that racial/ethnic minorities bear the burden of hypertension [3] [4] [5] . is �nding supports previous literature in similar populations and samples in the USA [3] [4] [5] [22] [23] [24] [25] . e issue remains as to whether or not there is racial/ethnic predisposition to hypertension, which renders it impossible to remove the observed disparities. African Americans/Blacks are more predisposed to increased volume loading and decreased volume depletion, which affirms genetic predisposition or gene-environment interaction in HTN. Consequently, since hypertension runs in families, preventing HTN in the �rst place among the high risk populations such as AA/Blacks remains a feasible approach to racial/ethnic hypertension prevalence narrowing in the USA.
We have also demonstrated that some conditions or comorbidities were associated with hypertension in our sample. For example, individuals with DM were more likely to be hypertensive regardless of race/ethnicity. However the predisposition to HTN given DM was stronger among AA/Blacks compared to their white counterparts. HTN and DM tend to coexist, and it expected that uncontrolled DM may lead to microvascular compromisation including arterial stenosis and hence elevated blood pressure. It is also plausible to expect DM to result from uncontrolled HTN since this could result in end organ damage involving the renal system and liver [26] . DM as comorbidity was shown in our data to vary by race/ethnicity, with AA/Blacks with the highest prevalence of DM. erefore, given the nexus between DM and HTN, the highest prevalence of HTN among AA/Blacks may be explained in part by the higher prevalence of DM among AA/Blacks. Controlled glycemia or blood glucose level may be implicated in the HTN prevalence, since studies have shown poor glycemic control among AA/Blacks compared to whites [27] [28] [29] [30] .
e process of adjusting for confounding is to balance this factor between racial/ ethnic group while observing the effect of the variable of interest (HTN prevalence) on race/ethnicity (independent variable). Appling this technique we controlled for comorbidities as well as other factors known to be associated with HTN and race/ethnicity in an attempt to determine whether or not the observed racial/ethnic disparities observed in the crude association could be removed. Aer this adjustment, the racial/ethnic disparities though removed to some extent did persist.
We reexamined our research question as to whether or not comorbidities explain the racial/ethnic disparities in HTN in the USA. e data indicate that higher HTN prevalence among AA/black cannot be explained by racial/ethnic variability in comorbidities among racial/ethnic groups. Race/ethnicity portrays biologic as well as environmental, social, and psychosocial attributes. While it may be a direct measure of outcomes in some diseases such as hypertension where physiologic variance in volume loading and volume depletion had been observed [31] , it remains a surrogate in many outcomes of interest such as COPD, asthma, and bronchitis. Remarkably, comorbidities were higher among AA/Blacks, and aer adjustment for these conditions the racial/ethnic disparities in HTN persisted.
Despite the strength of this study, there are some limitations. First, we attempted to explain racial/ethnic variance in HTN prevalence in a large sample of US noninstitutionalized residents by observing variability in comorbidities among racial/ethnic groups. Since we used the cross-sectional data temporality remains a big issue. Speci�cally, it is unclear if DM was diagnosed before HTN, or depression, circulatory disorders, and so forth diagnosed before HTN. Secondly, because we used preexisting data for this secondary analysis, there are variables known to in�uence HTN such as dietary pro�le which were not available in our data for possible assessment as a confounder or effect measure modi�er. e availability of such data could have provided some explanation to the observed racial/ethnic disparities in HTN prevalence. irdly, we adjusted for factors associated with race/ethnicity and hypertension. However, like in most epidemiologic studies, we cannot rule out the possibility of unmeasured or residual confounding in these �ndings, since no matter how sophisticated a statistical model used is, residual confounding remains [32] . But it is not likely that our �ndings are driven solely by these unmeasured or residual confounding. Finally, hypertension was self-reported, which might have introduced a misclassi�cation, selection, and information biases into HTN prevalence by race/ethnicity. But assuming nondifferential misclassi�cation bias, it is unlikely that the evidence in this study is substantially in�uenced by such biases.
In summary racial/ethnic disparities exist in HTN prevalence which were not completely removed aer controlling for comorbidities. ese �ndings are suggestive of the need to examine other risk and predisposing factors in HTN incidence and prevalence, as well as comorbidities in an attempt to understand racial/ethnic disparities hypertension in the US.
